Background Current and lifetime psychopathology is common in adult patients seeking bariatric surgery, with major depressive disorder and binge eating disorder affecting a higher proportion of this group than the general population. While depressive symptoms have been previously associated with eating pathology, potential mediators of this relationship are not well understood. Methods This study used a naturalistic, retrospective design to investigate cognitive and behavioral aspects of eating behavior (cognitive restraint, disinhibition, and hunger) as potential mediators of the relationship between depressive symptoms and binge eating within a sample of 119 adult patients (82.4% female; 96.6% white; mean age = 47 years) seeking bariatric surgery (Rouxen-Y and sleeve gastrectomy) at a large university medical center. Patients completed a standardized presurgical psychological evaluation to determine appropriateness for bariatric surgery as part of routine clinical practice. Binge eating was assessed via clinician rating (number of binge eating episodes per week) based on DSM-IV diagnostic criteria and self-report measures (Binge Eating Scale) in order to account for potential methodological differences. Depressive symptoms were assessed using the Beck Depression Inventory. Results Depressive symptoms were a significant predictor of binge eating, disinhibition, and hunger. However, only disinhibition emerged as a significant mediator of the relationship between depressive symptoms and binge eating. Conclusions Behavioral disinhibition, or a tendency toward overconsumption of food and challenges restraining impulses associated with a loss of control eating, may represent an important variable in determining the relation between depressive symptoms and binge eating, in bariatric surgery patients.
While bariatric surgery represents an effective treatment for long-term weight loss [1] , not all patients seeking weight loss surgery are considered ideal candidates. An estimated 9% of patients who undergo gastric bypass fail to lose more than 5% of their initial weight over a 10-year period [2] . Previous research has attempted to identify psychosocial factors that contribute to poor outcomes following bariatric surgery such as psychopathology, psychosocial functioning, and disordered eating [3] . More specifically, the impact of binge eating behavior and binge eating disorder (BED) on the outcome of bariatric surgery has been previously investigated [4, 5] and recognized as possible contributor to suboptimal weight loss. However, previous literature notes wide variability in prevalence rates of binge eating symptoms and it is therefore challenging to gain a clear picture of the impact of symptoms on postsurgical outcomes.
For example, a previous review by Mitchell and Steffen (2009) [6] identified over 30 studies that investigated binge eating rates in bariatric samples as well as the relationship between binge eating pre-and postoperatively with weight loss outcomes. The rates of binge eating preoperatively vary widely, ranging from 6 to 64%. Similarly, postoperative binge eating rates have ranged from 0 to 71% and 0 to 32% for full syndromal BED [6] . Wide ranging estimates likely reflect the variable methodologies used for assessing binge eating [6] . Methodological differences in the assessment of binge eating may also explain mixed findings on the relationship between binge eating and weight loss. For instance, Mitchell and Steffen (2009) identified only two out of nine studies that demonstrated a link between binge eating and lack of weight loss or weight regain. However, studies that identify Bloss of control^eating and weight loss outcomes consistently demonstrate an association with suboptimal weight loss. Meany et al. have more recently reviewed 15 studies that specifically consider loss of control eating; all but one study indicated that the presence of binge eating/binge eating disorder/loss of control eating postoperatively is associated with suboptimal weight loss [7] . As such, a more thorough and standardized assessment of binge eating, including Bloss of control^eating may help to identify and treat patients at risk for poorer outcomes [6, 7] .
Additionally, depressive symptoms are also consistently associated with both obesity [8] as well as binge eating [9, 10] . Previous research has indicated that depressive symptoms, obesity, and binge eating are interrelated; individuals with obesity who experience binge eating are more likely to exhibit depressive symptoms [11] and greater psychological impairment [12] . In bariatric samples, approximately one third of patients may be diagnosed with major depressive disorder in their lifetime [13] . Yet, not all patients with depressive symptoms will experience binge eating. Therefore, identifying possible mediators of this relationship may provide additional insight as to why some patients may be especially at risk. While depressive symptoms represent an important predictor of binge eating, few studies have examined the relationship between depressive symptoms and binge eating in a bariatric sample, despite evidence indicating high comorbidity and the potential for poorer surgical and weight loss outcomes at longterm follow-up. No studies to date have examined possible mediators of the relationship between depressive symptoms and binge eating.
The primary aims of the current study are to (1) investigate the relationship between depressive symptoms and binge eating in bariatric surgery candidates using two strategies for assessment and to (2) determine if specific eating related behaviors/cognitions further explain the relationship between depressive symptoms and binge eating. More specifically, the current study seeks to address the discrepancies in the literature related to methodological differences in the assessment of binge eating by including both a standardized measure of binge eating (Binge Eating Scale [14] ) as well as clinicianrated binge eating episodes per week (as defined in the DSM-IV-TR [15] , in which Bloss of control^eating is present). It is hypothesized that depressive symptoms will be predictive of binge eating, as measured by both the Binge Eating Scale and DSM-IV-TR [15] criteria clinician-rated binge eating episodes per week (hypothesis 1).
Additionally, this study examines behavioral and cognitive components of eating (as assessed with the Three-Factor Eating Questionnaire [16] ) as a mediator of the relationship between depressive symptoms and binge eating. The three variables assessed by the Three-Factor Eating Questionnaire include cognitive restraint, disinhibition, and hunger. The cognitive restraint scale is a measure of dietary restraint, e.g., the extent to which an individual attempts to exert control over food intake in an attempt to influence body shape and weight. The disinhibition scale measures a tendency toward overconsumption of food and challenges restraining impulses associated with a loss of control eating. The hunger scale measures subjective feelings of hunger and food cravings.
Previous research has examined changes in these variables pre-and postbariatric surgery [17] as well as the relationship between these variables and eating pathology [18] . Both disinhibition and hunger have been found to be related to binge eating in bariatric populations [18] . However, despite the fact that that the relationship between depressive symptoms and binge eating is well established [9, 10] , the relationship with these variables in the context of depression is unclear. Some previous evidence suggests that these variables may mediate the relationship between constructs potentially linked to depression (i.e., body image dissatisfaction) and binge eating [19] , yet no studies have specifically examined the relationship to depressive symptoms. Thus, the current study seeks to examine these constructs in order to better determine how these variables may impact binge eating in the context of depressive symptoms.
Cognitive restraint, disinhibition, and hunger are hypothesized to affect the relationship between depressive symptoms and binge eating, with disinhibition being the strongest mediator (hypothesis 2). More specifically, cognitive restraint is likely inversely related to problematic episodes of overeating or loss of control eating. As cognitive restraint has not been a significant mediator of the relationship between constructs potentially linked to depression and binge eating [19] , it is hypothesized that cognitive restraint will not represent a significant mediator in this model (hypothesis 2a). Disinhibition reflects a behavioral tendency or trait that contributes to problematic eating behavior. As depressive symptoms may increase susceptibility to overeating in response to negative emotional states, hypothesized disinhibition will mediate the relationship between depressive symptoms and binge eating (hypothesis 2b). Hunger may be related to episodes of overeating by contributing to increased appetite and challenges with feelings of satiety. As depression may contribute to increased appetite, hunger is hypothesized to mediate the relationship between depressive symptoms and binge eating (hypothesis 2c).
Methods

Participants
Participants were 119 bariatric surgery candidates evaluated in 2012-2013 at a large university medical center. The population includes a predominately rural Appalachian population. Participants were 83% female and 17% male, with an age range of 17-77 years old (M = 46.68, SD = 12.01). The sample was primarily Caucasian (97% Caucasian, 3% African American), with a mean of 13.61 years of education (SD = 2.9). The majority of patients were employed full time (52%) with the remaining sample on disability (23%), self-identified as a Bhomemaker^(10%), unemployed (7%), retired (5%), or a student (4%). The majority of the sample was married (54%), with 18% divorced, 18% single, 2% separated, and 2% widowed. The sample had a mean body mass index (BMI) of 50.77 (SD = 10.01). Most patients were interested in pursuing Roux-en-Y gastric bypass (91.6%); 4.2% were interested in lap band and 4.2% were interested in sleeve gastrectomy.
Procedure
All patients completed a standard psychological evaluation as part of preoperative requirements for surgery between September 2012 and August 2013. Participants completed a clinical interview with a licensed psychologist, who was a member of the bariatric surgery program. Patients completed self-report, psychosocial measures on the same day as part of their psychological evaluation. This study was approved by the university's Institutional Review Board.
Measures
Demographics Participants' age, sex, height, weight/BMI (kg/ m 2 ), race, level of education, marital status, work status, insurance type, and number of medical comorbidities were collected.
Binge Eating Binge eating was assessed with the Binge Eating Scale (BES) and clinician-rated binge eating episodes per week.
Binge Eating Scale (BES; Gormally al. 1982 [14] ) The Binge Eating Scale is a 16-item self-report questionnaire used to assess the prevalence of binge eating behavior indicative of an eating disorder. Each item includes four statements corresponding with increasing prevalence of binge eating. In a bariatric surgery sample, the BES has demonstrated good internal consistency (Cronbach's alpha of 0.90) and construct validity with regard to its ability to distinguish between minimal, moderate, and severe binge eating [20] .
Clinician-rated binge eating episodes per week based on DSM-IV-TR [15] criteria Binge eating episodes per week were evaluated by a licensed psychologist conducting the presurgical psychological assessments. Diagnosed binge eating episodes per week were based on DSM-IV-TR [15] research criteria for binge eating disorder. An episode of binge eating was characterized by both of the following: (1) eating, in a discrete period of time (e.g., within any 2-h period), an amount of food that is definitely larger than most people would eat in a similar period of time under similar circumstances; (2) a sense of lack of control over eating during the episode (e.g., a feeling that one cannot stop eating or control what or how much one is eating). Binge eating episodes must also have been associated with three or more of the following: eating much more rapidly than normal, eating until feeling uncomfortably full, eating large amounts of food when not feeling physically hungry, eating alone because of embarrassment by how much one is eating, feeling disgusted with oneself, depressed, or very guilty after overeating.
Depressive Symptoms Beck Depression Inventory-II (BDI-II; Beck et al. [21] ). The BDI-II is a 21-item self-report measure of severity of depressive symptoms. Each item includes a 4-item response indicating severity of a particular symptom over the past 2 weeks. The total score is derived by summing all item responses (range 0 to 63), with higher scores indicating more severe depression concerns. The BDI-II has been found to be a good measure for screening for clinical depression in bariatric surgery candidates [22, 23] . It has also demonstrated excellent internal consistency (Cronbach's alpha of 0.90), convergent validity, and criterion-related validity in a bariatric surgery population [24] .
Eating Related Cognitions Three-Factor Eating Questionnaire (TFEQ; Stunkard and Messick [16] ). The TFEQ is a selfreport questionnaire used to measure cognitive and behavioral components of eating. This 51-item measure includes 36 items with a yes/no response, 14 items rated on a 1-4 Likert scale, and one item with a vertical rating ranging from 1 to 6 from no restraint in eating to total restraint. The TFEQ includes three subscales: cognitive restraint (21 items), disinhibition (16 items), and hunger (14 items). The three factors of the TFEQ have demonstrated adequate internal consistency (Cronbach's alpha of 0.87 for cognitive restraint of eating, 0.80 for disinhibition, and 0.73 for hunger) and validity in an obese population [25] . Further, the TFEQ has demonstrated construct validity with regard to its ability to distinguish between binge and non-binge eaters in a bariatric surgery sample [26] .
Statistical Analysis
SPSS version 22.0 was used for the analyses (SPSS Inc., Chicago, IL, USA). Descriptive statistics and Pearson correlations were run to examine all demographic variables and self-report and clinician-rated measures. Linear regression was used to investigate hypothesis 1, and mediation analyses were conducted to answer hypothesis 2. Mediation analyses were conducted using Barron and Kenny's [27] steps for mediation.
Results
Descriptive statistics and correlations for binge eating (as assessed with BES and clinician-rated), BDI-II and components of the TFEQ are presented in Table 1 . Binge eating as assessed by the Binge Eating Scale and clinician-rated binges per week was significantly correlated with all variables, p < .05. Frequency data for the BES and clinician-rated binges per week is presented in Table 2 . Eleven out of 119 patients had two or more episodes of binge eating per week. As this study utilized DSM-IV-TR [15] diagnostic criteria, this equates to 9.2% of the sample with a binge eating diagnosis (i.e., eating disorder not otherwise specified).
Linear regression analysis was used to investigate hypothesis 1. Results indicated that depressive symptoms were a significant predictor of binge eating as measured by the BES, b = 0.41, SE = 0.07, p < .00, and depressive symptoms was also a significant predictor of clinician-rated binge eating, b = 0.67, SE = 0.02, p < .00.
Regression analysis was also used to investigate hypothesis 2. Results for each of the three factors are discussed below.
Cognitive Restraint as a Mediator of the Relationship Between
Depressive Symptoms and Binge Eating Results indicated that depressive symptoms were not associated with cognitive restraint, b = − 0.04, SE = 0.04, p = .31. As such, cognitive restraint may not be considered a mediator of the relationship between depressive symptoms and binge eating.
Disinhibition as a Mediator of the Relationship Between
Depressive Symptoms and Binge Eating Results indicated that depressive symptoms were a significant predictor of disinhibition, b = 0.18, SE = 0.03, p < .00, and that disinhibition was a significant predictor of clinician-rated binge eating, b = 0.25, SE = 0.06, p < .00. Depressive symptoms were no longer a significant predictor of clinician-rated binge eating after controlling for the mediator, disinhibition, b = 0.03, SE = 0.02, p = ns, consistent with full mediation. Approximately 16% of the variance in clinician-rated binge eating was accounted for by the predictors (R = .396). The mediational analysis is presented in Fig. 1 . Disinhibition was not a significant predictor of binge eating as rated by the BES.
Hunger as a Mediator of the Relationship Between Depressive Symptoms and Binge Eating Results indicated that depressive symptoms were a significant predictor of hunger, b = 0.12, SE = 0.04, p < .00, and that hunger was a significant predictor of both clinician-rated binge eating, b = 0.15, SE = 0.05, p < .05, and binge eating as measured by the BES, b = 1.05, SE = 0.16, p < .00. However, depressive symptoms remained a significant predictor of both clinician-rated binge eating, b = 0.05, SE = 0.02, p < .05, and binge eating as measured by the BES, b = 0.31, SE = 0.06, p < .00, indicating lack of mediation for both models.
Discussion
Results indicated that depressive symptoms were a significant predictor of binge eating, both as measured by the BES and by clinician ratings in this sample. This finding is not surprising, given the relationship between depressive symptoms and binge eating demonstrated in previous literature [9, 10] . Given the frequency of mixed results and variety of methodologies used to assess binge eating, it is important to note that this result was consistent for both measures of binge eating. It is possible that depressive symptoms contribute to an overall increased risk of maladaptive eating habits as well as specific binge eating with loss of control eating. For this reason, measures that are not sensitive with regard to loss of control eating still may have utility in terms of correlations with depressive symptoms.
The present study also sought to investigate the factors that contribute to binge eating among patients who experience depressive symptoms, i.e., factors that mediate the relationship between depressive symptoms and binge eating. Only disinhibition emerged as a significant mediator of the relationship between depressive symptoms and binge eating when assessed using clinician-rated binge eating. Cognitive restraint and hunger did not mediate this relationship. Although it was hypothesized that individuals with depressive symptoms may score lower on cognitive restraint, no relationship between depressive symptoms and cognitive restraint was found. As such, it was not considered as a possible mediator of the relationship between depressive symptoms and binge eating. It may be that depressive symptoms do not exert influence on attempts at specifically restricting one's intake. While depressive symptoms were predictive of hunger and levels of hunger did influence binge eating, hunger did not represent a mediational variable. In contrast to results examining the relationship between depressive symptoms and binge eating, in which depressive symptoms were predictive of both methodologies for binge eating, the mediation was only significant when examining clinician-rated binge eating. This finding is of particular interest as binge eating episodes were identified on the basis of loss of control eating, along with other diagnostic criteria. The BES does not specifically include this assessment of loss of control eating. For this reason, loss of control eating may represent a more sensitive measure when attempting to examine eating pathology. This finding is supported in previous studies in which loss of control eating confers additional risk for maladaptive eating behavior and eating disorders [28] .
Taken together, these results also indicate that disinhibition plays an important role in considering the relationship between depressed mood and binge eating. Depressive symptoms may contribute to greater difficulty in regulating one's behavior and controlling impulses to eat, thereby increasing problematic eating behavior. Previous research suggests that there may be a particular subgroup of patients with binge eating characterized by greater levels of disinhibition [28, 29] . These individuals may be at elevated risk for maladaptive eating behaviors and poor outcome following surgery, especially in the presence of depressive symptoms. Disinhibition may represent a set of endurable characteristics that serve as a predisposition for opportunistic eating, including eating in response to negative effect.
Limitations of the present study include a smaller sample size as well as the limited number of individuals with binge eating disorder or clinician-rated binge eating episodes. However, a larger proportion of the sample endorsed moderate binge eating on objective measures possibly reflecting subsyndromal overeating episodes. This consideration highlights the challenges of assessment of binge eating, which can differ depending on methodology. An additional limitation is the limited variability in ethnicity. Our sample is predominately Caucasian and may have unique characteristics based on our location, which may limit the generalizability of the outcome. This study makes a unique contribution by investigating this relationship in a predominately rural, Appalachian population. Although previous studies have found that patients who reside in more rural areas have similar outcomes postsurgically [30] , future studies may also consider how rural status may influence problematic eating.
Additionally, the current study is based on a presurgical, semistructured psychological evaluation rather than on a structured clinical interview. The latter may have more accurately captured DSM disorders. Future studies may consider investigating these variables with a more diverse patient population and consider inclusion of outcome data postsurgery. Interpretation of the results must also be considered with the methodology of the study in mind. The current study utilized a cross-sectional design, rather than a continuous time longitudinal model or a temporal method of assessment in which the predictive variables are assessed prior to mediation and outcome variables. Mediational analyses conducted with crosssectional samples may represent a Bstatistical mediation,r ather than a method of determining causal inferences. Longitudinal mediational models may be helpful for future studies to better specify the timing of relationships among variables, temporal causality, or bidirectional relationships. In particular, although this study specifically examined the impact of depressive symptoms on eating behavior, it is important to note that the relationship between depressive symptoms and binge eating may be bidirectional. Previous prospective studies have found that individuals who report depressive symptoms at baseline are two times more likely to initiate binge eating, and individuals who engage in binge eating are two times more likely to develop depressive symptoms [31] . Future studies may wish to utilize causal modeling approaches that include consideration of this potential bidirectional relationship.
In conclusion, this study highlights the importance of screening for problematic eating and has potential to inform treatment interventions. Only disinhibition emerged as a significant mediator of the relationship between depressive symptoms and binge eating when assessed using clinicianrated binge eating. These results may have implications for presurgical psychological evaluations. Individuals with higher levels of disinhibition may constitute an at risk subgroup. Future studies may consider strategies to identify this group of individuals in order to target treatment interventions.
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